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(54) Method and system for Increasing quality of service at or below a treshold cost 



(57) A method and system for managing the routing 
of communications data, such as real-time multimedia 
exchanges betwe^ remote sites, includes monitoring 
various communications modes, with each mode having 
pre-established quality of service parameter values and 
a pre-estak^ished session tariff. Some of the modes pro- 
vide variable quality of service. The variable modes are 
monitored continuously to determine present-time qual- 
ity of service parameter values. When a request to 
establish a conrununicatbn session is received, the 
request will specify quality of service requirements. An 
acceptable session tariff is calculated based upon the 
match of the spectfied requirements with the pre-estab- 
lished parameter values of the modes. In a preferred 
eird^odlment the next step is to select that mode having 
the highest quality of service available for a session tar- 
iff that does not exceed the predefined acceptak>le ses- 
8ton tariff. In ^is embodiment' the tariff of tfie selected 
mode may be greater than ah alternative mode that sat- 
isfies the QoS requirements, but only if the selected 
mode has a greater QoS. In another embodiment real- 
time multimedia sessions are conducted using available 
modes that include the global Internet, and the session 
tariff becomes more of a factor. In a third embodiment, 
the user identifies a QoS level and an acceptable ses- 
sion tariff, and the system notifies the user^when 
present-time quality of service Is available at the accept- 
able session tariff. 
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I>e8crlption 

BACKGROUND OF THE INVENTION 

The invention relates generally to methods and sys- s 
terns for managing oommunlcations routings between 
remote sites and more pcuHcularly to selecting among a 
number of communications modes accessible to the 
system. 



DESCRIPTION OF THE RELATED ART 



TO 



There are an inaeasing number of communications 
modes for conducting comnunlcations sessions, such 
as real-time multimedia connections. The differences in i6 
the modes may be medium-based, protocol-based 
and/or service-based, for example. A medium-based 
nxxJe difference relates to the ptysical layer of commu- 
nications between rerrxTte sites. A common physical 
medium for communications from a site within a local 20 
area network (l-AN) to a site outside of tiie network is an 
analog line leased from a telecommunications provider. 
Another physical medium is a fiberoptic line, such as the 
digital data transmission lines of a synchronous optical 
network (SONET). 25 

A protocol-based difference in communications 
modes is at a higher layer than medium-based differ- 
ences. Witiiin the global Internet. Transmission Control 
Protocol (TCP) is relied upon at a transport layer, and 
Internet Protocol (IP) Is relied upon at a network layer. 30 
However, atternatrve protocols are available and are 
used within other digital communications modes and in 
analog communications modea 

Differences witNn oommunlcations modes may be 
related to whether network interfaces are packet- 3S 
switched or circuit-switched. Synchronous Transfer 
Mode {SIM) technology provides a circuit-switched net- 
work mechanism in which a connection Is established 
and maintained between two renxrte sites to initiate the 
communications session, and the connection is torn 40 
down following the session. On the other hand. Asyn- 
chronous Transfer Mode (ATM) is a high bandwidth cell- 
switching technology tiiat is used to provide fixed-size 
cells for transmitting voice, video, data and ottier infor- 
mation. The protocol for ATM may be IP and ttie physi- 4S 
cal layer may be a SONET link. Another Important 
technology related to Xhit type of mode differentiation Is 
the Frame Relay, which provides fast packet multiplex- 
ing and is designed to acconrmdate efficient wide area 
networks (WANs) . so 

Within the ATM environment, various service-based 
communications nrKxles may be implemented. For 
example, basic-rate Integrated Services Digital Network 
(ISDN) provides use of two B-channels and a single D- 
channel to resWences and businesses that are provided ss 
witin a basic-rate interface. A higher bandwidth ISDN 
service is provided by a primary-rate ISDN interface that 
consists of twenty to thirty B-channels for L»er data and 



a single D-channel for signaling. Broadband ISDN pro- 
vkies even higher transmission speeds. Broadband 
ISDN is supported by transmission technologies other 
tiian ATM. Moreover, the non-ATM technologies support 
services that are not available in the ATM environment. 

A sub-category of tiie service-based communica- 
tions nxxJes relates directly to throughput, i.e., the 
effective network transmission speed, or bandwidth. A 
committed bit rate (CBR) service provkles a set 
tiiroughput with a low and stable delay On the other 
hand, available bit rate (ABR) service provides users 
wrtti a bandwidtii suitable for supporting a particular 
communications session. The network will provide con- 
nectivity Ibr the session based upon the requested 
parameter values. Typically, tiie throughput for an ABR 
service varies witii tfie traffic at tfie time of the session. 
Howarer. there is an "advertised" bandwidth that pro- 
vkles a guaranteed throughput for a session. For exam- 
ple, in an ATM networK the transmissions may be 
guaranteed to travel at 10 ^tort/second, with bursts of 45 
Mbit^econd for times in which tiie use of network 
resources Is low. 

In addition to having an "advertised" bandwidth, 
most communications modes have advertised parame- 
ter values for other factors related to quality of service 
(QoS). An important quality of service parameter is cell 
or packet loss. Wrthin an ATM environment, data is 
transmitted in cells having a length of 53 bytes, with 5 
bytes being used as a header and the remaining 48 
bytes conprlsing the payload. Cell loss will adversely 
affect the quality of service. Another parameter of con- 
cern is time delay, sometimes referred to as latency." 
Still refem'ng to tfie ATM environment latency is a 
measure of time required for a cell to reach a receiving 
station. A related parameter is "jrtter," which is the vari- 
ation in latency for different cells. 

Real-time multimedia communications over net- 
works, such as tiie global Internet, have become more 
cost effective than multimedia communications over the 
public witching telephone network (PSTN). However, 
ttie quality of the communications, such as voice quality 
and video quality, depends upon tiie selection of com- 
munications modes and upon traffic along tiie network, 
if tiie mode is an ABR service. Static routing of single- 
medium and multimedia communications over an inte- 
grated network Is well known. For static routing, the user 
specifies the quality of service requirements and the 
integrated network negotiates connectivity based ipon 
conditions at the time that the request is received. Dur- 
ing the session, the traffic may change signrfteantiy and 
tiie quality of service may drop below the requested 
level. The users may continue with the low quality com- 
munication or may disconnect and tfien re-establish tiie 
communication. Since tiie initial negotiation is typically 
to find the communications mode having the lowest tar- 
iff with tiie required level of QoS. the re-estaWished 
communication is likely to be fixed at a higher tariff. 
Wrthin some networks, renegotiation of cpjality of 
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service rray be Imptemented during a session. If video 
information Is to be transmitted during a session that 
was originally connected for voice-only, advanced net- 
works nf^y allow the user to initiate a renegotiation that 
establishes a second connection before the original 
connection is torn dowa The second connection utilizes 
communications nr^xJes suitable for the increased QoS 
requirements. 

A more complex In-session renegotiation is 
descrbed in U.S. Pat No. 5.446. 730 to l^e et al. The 
method desaibed in Lee et al. provides dynamic con- 
nection management in an integrated comnxinications 
network. Re-optimization may take place for cost 
Improvement. As previously noted, the tariff {I.e.. cost) 
of connectivity depends upon the selected communica- 
tion nrtodes, and the tariffs are typically inveraely propor- 
tional to the guaranteed quality of service. The patent to 
Lee et al. states that because of changes in the network 
or changes in the SMpporting connections, the cost of a 
given connection may not be minimal for the entire ses- 
sion. After a link fails, connections are re-established 
over paths with potentially higher costs. The re-optlml- 
zation of Lee et al. prevents the connections from being 
fixed within the unnecessarily costly paths. The re-opti- 
mization may be triggered by a network administrator, 
by passage of a set period of time, or by the time of day 
For re-optlmization. all agreed performance values and 
effective resource constraints must not be degraded, 
and the cost must be reduced sufficiently to Justify the 
process. Another feature of Lee et al. Is enhancement. 
Enhancement Is utilized to guarantee that negotiated 
performance values extend over the duration of the ses- 
sbn. The network monitora changes in the network and 
provkJes renegotiation when the quality of service 
degrades. The renegotiation does not consider the cost 
of the connectton. 

Monitoring a network Is also 6escnbed in U.S. Pat 
No. 5,408.465 to QuseUa et al. The results of the moni- 
toring are employed at the original setup level of a ses- 
sion, rather than for renegotiation. The monitoring is 
used as a basis for predicting the quality of service for 
the duration of a session. Predicted values are utilized 
while attempting to find a path that satisfies the require- 
ments of a particular communication. 

The prior techniques for predicting quality of serv- 
ice for the duration vf a session requesting estabflsh- 
ment and the prior techniques for re-establishing 
connectioris in response to detectton of degraded qual- 
ity of service or reduced tGU'tff provkje significant advan- 
tages to network users. The common theme Is to 
provide a minimal cost for a session by mininudly satis- 
fying quality of service requirements. 

What Is needed is a method arki system that maxi- 
mize the quality of service at a tariff that is acceptable to 
users. 



SUf^MARY OF THE INVEfsTTION 

A method and system for managing the routing of 
communication data between remotely located sites 
s includes monitoring various cornmunlcattons modes, 
with each mode having pre-established quality of serv- 
ice parameter values ard a pre-estat^shed session tar- 
iff. By nxsnitoring at least those modes that have 
variat^e quaOty of servtoe, the present-time quality of 
10 service parameter values are known. Upon receiving a 
request to estabflsh a communication session having 
specified quality of service requirements, the pre-estab- 
lished parameter values may be used as a basis for cal- 
culating a session ^ulff that Is acceptable to the users. 
IS The present-time quality of service parameter values 
may then be used to select modes that provide the high- 
est present-time quality of service at or below the calcu- 
lated acceptable session tariff. In this embodiment the 
monitoring is for the purpose of maxlnr^ing the quality 
20 of service that Is available at a calculated maximum tar- 
iff, l-lowever, connectivity resources of a second mode 
having pre-established parameter values which satisfy 
the request preferat>ly are reserved in order to accom- 
modate the session ifthe present-time quality of service 
26 of a selected mode degrades. That Is. resources are 
reserved to allow fallback connectivity on an "as- 
needed" basis. 

In the preferred embodiment, the monitoring of the 
communications modes Is continuous and in-session 
30 switching between modes is executable. The In-sesslon 
switching occure In response to detecting a condition in 
which an alternative? mode provkiee a higher present- 
time quality of sendee at a session tariff no greater than 
the calculated acceptable session tariff. AHemativeiy, If 
33 the quality of service of the originally selected mode 
degrades to a level below the quality of service require- 
ments of the session, an altemative mode that satisfies 
the requirements at an acceptable session tariff is sub- 
stituted. Preferably, if the switching takes place between 
40 two modes that both have present-time quality of serv- 
ice parameter values satisfying the requirements, the 
method includes a step of weighting the pre-established 
session tariffs to prevent reconnection costs from 
increasing the total session tariff to a level above the 
4S acceptable session tariff. 

In another embodiment, the oomnujnicatlons ses- 
sions are real-time transmissions of multimedia data 
and In-session switching anrK>ng mod^s Is executed to 
achieve cost-efficiency while providing a present-time 
BO quality of service satisfying the requested requirements 
of the multimedia session. In this embodiment, at least 
some of the modes are distinguishat>le with respect to 
protocol and one of the avaQable protocols is the Inter- 
net Protocol. Other modes may t>e distinguishable with 
55 respect to transmission media, including analog lines 
and digital lines. 

A third eiht>odlmertt may be used for communica- 
tions sessions that are not schedule-alticai, i.e.. situa- 



3 



5 



EP 0 848 560 A2 



6 



tfons in which a user is wfOing to wait for the start of a 
session In order to take advantage of iow traffic circum- 
stances, in this embodiment, each communications 
mode has a pre-estal3lished session tariff and each 
mode Is monitored to determine the present-time quarrty 
of service of the mode. The request by a user to estab- 
lish a communications session indicates a minimum 
quality of service and a maximum session tariff. The 
Indication of the maximum session tariff may be Infened 
from a request for a particular mode, if one of the modes 
satisfies the indicated minimum quality of service within 
the indicated maximum session tariff, the connectivity is 
established using that mode. On the other hand, if none 
of the nrxxjes satisfies ttie indicated minimum quality of 
service wittiin the maximum tariff, the request Is queued 
and the present-time quality of service parameter val- 
ues of the various modes are tracked until a specific 
mode has a present-time quality of service that satisfies 
the indicated minimum quality of service within the indi- 
cated maximum session tariff. The user is then notified 
of the availability of resources that provide the quality of 
service at the desired tariff. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a system for managing 
real-time communications sessions, with tiie system 
including interfaces compatible witii different communi- 
cations modes in acoordarKS with the Invention. 

Fig. 2 Is a block diagram of the manager device of 
Fig. 1 witii connections to tiie input and output devices. 

Rg. 3 is a fbw chart of steps for selecting among 
the communications modes accessible via the system 
of Fig. 1, in accordance witii one embodiment of the 
invention. 

Rg. 4 is a table of values formed using tiie process 
of Rg. 2. 

Rg. 5 Is a flow chart of steps for selecting among 
the communications modes of Rg. 1 in accordance with 
an alternative embodiment of the invention. 

DETAILED DESCRIPTION 

Witii reference to Rg. 1, an integrated networt^ 10 
has tiie capacity to select among various communica- 
tions modes for conducting communications sessions 
between remote sites, not shown. In tiie prefen-ed 
embodiment, the network is a system for real-time mul- 
timedia communications, such as video and voice data 
of a telecommunications conference. The components 
of Rg. 1 are network components that determine the 
quality of service (QoS) of the sessions. 

The difference between communications modes 
may be any one or all of medium-based, protocol-based 
and sennce-based differences. Moreover, tiie mode dif- 
ference between two alternatives may be a difference 
between packet switching and circuit switching. Fig. 1 
shows six alternatives. An Internet interface 12 may be 



a modem for connecting one video conference site to 
another video conference site via an Internet Service 
Provider (ISP). Alternatively, the sites may be both 
located on the premises of a corporation, so that tiie 
5 sites ccui be connected via a corporate local area net- 
work {IAN) 14. A Frame Relay 16 and an ATM interface 
18 illustrate two other possible communications modes. 
Alternatively, an analog dialed Interface 20 and a digital 
dialed Interface 22 are shown In Fig. 1. The analog 
10 dialed interface and tiie dIgKal dialed interface may be 
connected to separate leased lines of a public switched 
telephone network (PSTT^. 

Each one of the communications modes has at 
least one "advertised" quality of service ttiat provides 
IS guarantees for a session. For some modes, there may 
be more tiian one advertised quality of service. For 
example, ATM offers at least tiiree such levels at differ- 
ent session tariffs. The quality of service may also be 
measured in terms of packet losses, latency and/or jit- 
20 ter. For some of tiie communications nxxies available In 
Rg. 1, the quality of service parameters are relatively 
fixed. For example, ttie digital dialed connections may 
be associated with a fixed tiiroughput of 128 kfc)ps. On 
the other hand, quedity of service of other nrKxies may 
26 fluctuate significantiy. As one exan^le, tiie connection 
via tiie Internet interface 12 will fluctuate significantiy 
depending upon traffic. While the "advertised" quality of 
service may be a guaranteed delay of 30 miiliseconcte, 
tiie actucU delay may be 15 mSliseconds, if the trafTtc 
30 along tiie communication lines is low. 

Within many prior art technfc|ues, a system for 
e8t£d)li8hing real-time communications sessions consid- 
ers only tiie guaranteed quality of service parameter 
values. This provkf es assurance tiiat tiie quafity of serv- 
35 ice will remain at a requested level tiiroughout the entire 
session. Quality of service requirements may relate to 
various parameters, including packet loss, delay, jitter, 
priority and security. At tiie Initiation of a session, ttie 
quality of service requirements are received and 
40 matched witii parameter values associated witii tiie dif- 
ferent communications modes. The appropriate mode is 
selected and utilized to implement the session. 

In the preferred embodiment of tiie invention, the 
integrated network 10 of Rg. 1 accesses the guaran- 
4S teed quality of service values of the various alternative 
modes In order to determine an acceptable session tar- 
iff, but monitors ttie actual (i.e., present-time) quality of 
service for all of the otfier available modes The monitor- 
ing is continuous, so that in-session mode Pitching is 
so enabled. A monitor device 24 is connected to ttie indi- 
vidual network access points 12, 14, 16, 18, 20 and 22 
for accessing ttie different communications modes. As 
will be explained more fully below, a mode manager 26 
controls the connectivity and receives data from a QoS 
55 table 28 and a tariff table 30. 

Referring now to Fig. 2. the manager device 26 
includes memory 32 for ttie pre-established guaranteed 
QoS parameter values for the various communications 
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modea The m«nory provides Information to a mode 
selecUcontroIier device 34. The mocJe select operation 
of this device is similar to the operations of prior art 
devices for negodating a connection path for communi- 
cations on a sesslon-by-sesston basis. The mode 
select/controller device includes an input 36 for identify- 
ing quality of service requirements for a particular ses- 
sion. In the preferred embodiment the integrated 
netwc»1« accommodates real-time nrruftlmedla sessions. 
Thus, the quality of service requirements will typically 
relate to a combination of voice, video, Image and data 
parameters. The mode select/controller device 34 
matches the quality of service requirements whh 
parameter values of the available contmunlcations 
modes in order to select a mode that will function as a 
"fallback" mode for the session. Resources of the fall- 
back mode are reserved and are then utilized on an "as- 
needed" basis, ensuring that resources are available 
throughout the session. 

A second input 40 of the mode select/controller 
device is the Information from the tariff taUe 30, which 
stores kJentiflcatlon of the costs of utilizing the different 
modes available to the Integrated network. Often, the 
tariffs are not fixed. For axampld, analog leased lines 
are typlcaOy less costly to use du. if off-hours, such as 
weekends. The tariff table prefert Lm.- has sufficient infor- 
mation to allow an accurate lden;iiii.i.tion of the present- 
time tariff for each of the available modes. 

If more than one available mode is Identified by the 
mode select/controller device 34 as satisfying all of the 
QoS requirements for a particular session, the mode 
select^controller device 34 determines which of the des- 
ignated nrKxJes Is the least expensive to Implement The 
tariff that Is associated with this mode is then identified 
as the "acceptable session tariff." since the QoS 
requirements at input 36 necessarily carry this session 
tariff as a minimum. This mode Is identified as the fall- 
back mode, and the necessary communlcattons 
resources are reserved, as previously noted. 

The wo6b select/controller 34 has a third input 42 
from the present-time quality of service table 28. As pre- 
vtously noted, the monitor device 24 of Rg. 1 is con- 
nected to each of the network access points 12. 14. 16. 
18. 20 and 22. The monitor device may utlBze any of 
known techniques for determining actual quality of serv- 
ice parameter values. For exanrple, received packets 
containing multimedia information of other sessbns 
may be monitored for the time of arrival, in addition, the 
length of a buffer queue feeding to a multimedia 
decoder Is monitored. Of special interest is the case in 
which the buffer queue is empty as a result of a packet 
being lost or delayed through the network. Monitor 
device 24 collects statistical information relating to qual- 
ity of service. e.g., delay, latency. Jitter and data loss. 
Depending upon the type of communication (e.g. . voice, 
video, image or data) and the decoding mechanism 
used, the Impact to the quality of service from the 
delayed arrival or lost packets is assessed. This assess- 



ment Is used to update the present-time quality of serv- 
ice table 28. 

In the preferred embodiment the mode select/corv 
troller 34 determines whetiier a higher quality of servtee 
6 Is available for indivklual sessions without exceeding 
tile determined acceptable session tariff. For exanple. If 
the global Internet is providing an unusually high quality 
of service because of the low present-time traffte. Its 
QoS parameter values may satisfy all of the require- 
10 ments of a particular session at an equal tariff, or per- 
haps a lower tariff. While the originally selected mode 
may satisfy all pf tfie requirements, the mode 
select/controller preferably switches the session to the 
nrrode that offers the higher quality. However. In the pre- 
is ferred embodiment^ the tariff table 30 also Identifies the 
cost of switching connectivity, so ttiat ttiis may be fac- 
tored into the determination as to whether the mode 
switch is desirable. The mode select/controller is con- 
nected to all of the Interface devices 44 and enables the 
20 devices on a session-by-session basis to conn^ vari- 
ous multimedia sites 46. 48 and 50 over the selected 
communications mode. 

The steps for the preferred embodiment are showvn 
in Rg. 3. At a start 52 of a process for Initiating a com- 
26 munlcations session, such as a real-time mummedia 
session, ttie QoS requirements are established at step 
54. This step may be executed by a direct input of 
desired quality of service by a calling party. Alterna- 
tively, the QoS requirements may be established by 
30 Infemng the desired quality of service based upon the 
type of call (e.g.. a videoconference) and/or based upon 
the identity of the calling party. For example, a table of 
Inferred QoS requirements may be stored and then 
accessed on a session-by-session basis. In Fig. 2, the 
S3 QoS requirements are Input to the mode select/control- 
ler device 34 at input One 36. 

In step 56, the mode select/controller device 34 
compares the QoS requirements of tiie session to tiie 
pre-established quality of service guarantees of the var- 
40 loua available interface devices 44. These QoS guaran- 
tees are continuously available at step 58. The 
comparison of the QoS requirements and QoS guaran- 
tees typically will result in a preliminary selection of at 
least one available nxxie that satisfies all of the QoS 
46 requirements of the session. 

The one or more preliminarily selected modes are 
used to determine an acceptable session tariff at step 
60. In the embodiment of Rg. 2, the determination of the 
acceptable sesston tariff is executed at the mode 
so select/controller 34 with an Input 40 from the tariff table. 
This Input step is shown at 62 in Rg. 3. The "acceptable 
session tariff is defined as the least expensive tariff for 
tnrplamenting the session using a nrKXfe havir^ QoS 
guarantees that satisfy all of ttie QoS requirements. 
55 Refenring now to Rg. 4. the mode select/controOer may 
be used to construct a table having a first column 64 
ttiat Identifies the avadable nxxJes for Implementing tiie 
session. The secorxl column 66 may be used to Identify 
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the present-time session tariffs for the various modes, 
while the third column 68 stores the guaranteed QoS for 
the modes. The column values have been simplified for 
the purpose of explanation. All of the values represent 
values on scales having a lowest parameter value of 0 5 
and highest parameter value of 10. Typically, a multime- 
dia session wiH identify a number of different QoS 
parameters of concern. Moreover, the exenrplary table 
does not show that some modes (e.g.. ATM) may actu- 
ally be multiple modes with different QoS guarantees. ro 

Using the simplified table of Fig. 4, if the QoS 
requirements input at step 54 define a QoS parameter 
value of 6, the selected mode subset at step 56 will 
comprise the ATM connection, the analog dialed con- 
nection and the digital dialed connection. Then, tiie is 
determination of an acceptable session tariff in step 60 
will be the designation of tariff value 2, since the ATM 
connection In the table of Rg. 4 is the least expensive of 
the three connections that guarantee to satisfy the QoS 
requirements of tiie session. The ATM mode is idenli- 20 
fied as the fallback mode from which resources are 
reserved for use on an as-needed basis. 

The steps of selecting a mode subset 56 and deter- 
mining the acceptak^le session tariff 60 are executed at 
the mode select^controller 34 of Rg. 2. In anottier con- 25 
trol operation, the connectivity resources of one of the 
modes (i.e., the fallback nKxJe) are reserved at step 61 
in order to ensure that the QoS requirements will be sat- 
isfied throughout the communications session. The 
mode flrom which the resources are reserved is that 30 
nxxJe tfiat has QoS guarantees satisfying the QoS 
requirements of the session with the least expense. In 
the example immediately atxjve in which the required 
QoS parameter value was "6," connectivity resources 
for the ATM mode will be reserved, since the ATM con- 35 
nection provides the least expejTSive connection of the 
three nxxies having the required QoS guarantees. 
While the resources remain reserved, the resources are 
not necessarily utilized. 

In the next step 70, one of tine vnodes Is selected for 40 
inplementing the session. In practice, there may be 
more than one selection, since there is more than one 
layer in the connectivity scheme, e.g., alternative modes 
at the physical medium layer (wires versus optical fib- 
ers) and aKernative modes at the transport layer (differ- 45 
ent protocols). However, only one selection Is 
considered in the process flow of Rg. 3. A parallel proc- 
ess flow may be executed for otfi^r mode selections. 

The selection of the session mode at step 70 Is 
made using present-time QoS values input at step 72, so 
rather than using tiie QoS guaranteed values of the 
modes. Again referring to the table of Rg. 4, the 
present-time QoS values at time 1 (t1) are shown in the 
fourth column 74. Still using the example from above, 
since the QoS reqiirements of the particular session ss 
designate a QoS value of 6. the LAN connection or tiie 
Frame Relay connection may be used at a lesser cost, 
but with acceptable performance. In the prefened 
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embodiment of the Invention, the Frame Relay connec- 
tion is selected, since rt establishes tiie highest quality 
of service at a tariff that does not exceed the "accepta- 
ble session tariff" of tiie ATM connection, i.e. a session 
tariff of 2. While a tariff-free session is availalile using 
tiie LAN connection, this mode does not provide tiie 
best available present-time QoS witiiin the tariff ranga 
The selection of the session mode at step 70 also 
considers the pattern of present-time QoS values for ttie 
modes. That is, the pattern of behavior of the present- 
time QoS values is analyzed to predict whether a partic- 
ular mode will have a continued present-time quality of 
service that satisfies the requirements of a session. If 
ttie quality of service of the particular mode has been 
fluctuating significantly for the time period immediately 
preceding ttie request to establish a session, tfie mode 
may be determined to be inappropriate for establishing 
tiie session. The analysis of ttie pattern of behavior is 
also implemented in in-session switching, reducing the 
likelihood that r^eated mode switching will increase 
the cost of the session. 

In step 76 of Rg. 3, the selected session mode Is 
used to implement the session. However, the process is 
contained in order to ensure that the quality of service is 
maintained throughout the duration of the session and 
to provide ttie highest QoS at a tariff tiiat does not 
exceed ttie previously defined acceptable session tariff. 
In step 78. the monitor device 24 of Fig. 1 continues to 
monitor the various network access points 12, 14. 16. 
18, 20 and 22. The continuous monitoring process 
allows tiie present-time QoS table 28 to be updated as 
changes are detected. The updates are executed at 
step 80 of Rg. 3. Referring again to tiie table of Fig. 4, 
the present-time QoS parameter values changed for the 
first four modes during the time between t1 and t2. The 
t2 values are found in the fifth column 82 of tfie table. 
Because tfie previously selected mode. i.e. tfie Frame 
Relay connection, no longer provkJes the required QoS, 
the system switches from this mode. In Fig. 3, a deci- 
sion is executed at step 84 as to whettier the selected 
mode still has ttie highest quality of service at ttie 
acceptable session tariff defined in step 60. If this query 
results In a positive response, the process returns to 
step 78. On the other hand, if the response is negative, 
such as in the situation of table 4, a step 86 of switching 
to an alternative mode is executed. The alternative 
mode must still satisfy ail of the QoS requirements of 
ttie session and must be at or below ttie predofhed 
acc^Dtable sessfon tariff. Moreover, the analysis of the 
pattern of behavior of the alternative mode with respect 
to QoS must Indicate tfiat the alternative mode is suffi- 
ciently stable over time to sustain tfie required QoS. 
This prediction is based upon tiie data that is stored wfth 
each update of the QoS tatrfe in step 80. In ttie table of 
Rg. 4, there are two separate and equally important 
reasons why the Frame Relay connection would be torn 
down and the ATM connection would be established. 
Rrstly. tfie Frame Relay connection no longer provides 



6 



11 



EP 0 848 560 A2 



12 



the requfred QoS at time t2. Secondly, the ATM connec-. 
tlon now provides ^e highest QoS at the tariff that does 
not exceed the acceptable session tariff. Consequently, 
even rf the Rame Rday connection stiD pro^rkled a QoS 
value of 7. the switch would be made to the ATM con- 
nection. 

In the preferred embodiment the mode switching 
step 86 indixies some "hysteresis." For example, rf the 
cost of switching modes is sut>stantial and the original 
mode still provides the required quality of service, the 
switching step is inhOtstted. Step 88 provides the switch- 
ing costs to make such a determination. Inhibiting the 
switching nrtay also be a result of repeated switches. 

While the preferred embodiment of the Invention 
implements the switches based upon providing the 
highest quality of service at a session tariff that does not 
exceed a defined tariff, another embodiment does factor 
cost during in-session switching. In this embodiment, at 
least some of the avaiteible nuxJes are distinguishable 
. witti respect to protocol and one of the available proto- 
cols is the Internet Protocol (IP). In Fig. 3, steps 54, 56. 
58. 60 and 62 are preferably executed In the same man- 
ner described above. In step 70. the quality of service 
and the session tariffs of the available modes are oon- 
sklered. At time tl . the LAN connection will be selected, 
since the present-time QoS has a value 6 that satisfies 
the requirements of the session (i-s.. QoS = 6). and the 
LAN connection is less expensive than the Frame Relay 
connection that was selected in tiie previously 
described emt>odlment Steps 76. 78 and 80 are exe- 
cutedJn the.same manner described above».but the 
decision at step 84 again factors in the session tariffs of 
the modes. 

Fig. 5 illustrates a third embodiment of the inven- 
tion. In this emtxxUment, a request is received at step 
90 to establish connectivity for a comnruin'ications ses- 
sion, such as a multimedia session. The request 
Includes either an Implied or a specified quality of sen^- 
ice. The implication of the quality of service may be 
determined based upon the identifteation of the type of 
session that is to be established. For example, a 
request to establish a videoconferenca implies a rela- 
tively high quEdity of service. The tariff that is specified 
may also be implied. Referring briefly to Fig. 4. a 
request for an ATM connection automatically implies 
that a user Is willing- to pay a session tariff of value **2.*' 
If the session tariff Is indicated to have a \mlue of "2" and 
tf^e requested QoS has a value of "8." at time tl none of 
the modes of the table will satisfy the connectivity 
request Thus, the connectivity request is temporarily 
suspended. In f^. 5. the determination of the availabil- 
ity of a suitable mode Is at step 92. with tariff and QoS 
irputs of steps 94 and 96. 

If at step 92 it is determined that one of the modes 
has the required present-time QoS at or below the spec- 
ified tariff, the connection is estatslished. On the other 
hand, if as noted above there is a situation in whic^ 
none of the available modes has a present-time QoS at 



10 



15 



20 



2S 



30 



3S 



40 



46 



SO 



55 



the acceptable tariff, the request is locked at step 92 
until an update of the QoS value shows that the required 
values are now avaBable at tfie acceptable tariff. During 
ttiat time, the caller is free to remain off-line. At time tl 
in the table of Rg. 4. none of the available modes has 
the acceptat^e corrbination of QoS and tariff. IHowever. 
at the update of time t2. the ATM connection has tine 
present-time QoS value of "9." which is above the spec- 
ified value of "8.* In step 98. ttie party Is notified that a 
mode having an acceptable QoS at an acc^table tariff 
is now avaOable. and In step 1 00 tiie session is initiated. 
The notification at step 98 preferat)ly requests a party to 
verify tfiat the session is still desired, prksr to initiating 
tiie session at step 100. However, such a request is not 
critical. In fact, notification prior to session connection is 
not critical. 

An advantage of the embodiment of Rg. 5 is that a 
call tiiat is not schedule-critical can be conducted with- 
out paying the session tariff typically associated with the 
quality of service requested by the caller. While the 
quality of service may degrade after the session is 
established, this concern may be reduced by monitoring 
the pattern of QoS behavior for the modes before the 
connection is made. ^ 

Claims 

1. A method of managing communications routing 
comprising steps of: 

accessingjcapabiiity to..exchaagaxQinmunicar. 
tion data between remotely located sites using 
any of a plurality of distinct communications 
modes having pre-established quality of serv- 
ice parameter values and pre-established ses- 
sion tariffs; 

monitoring at least some of said modes to 
determine present-time quality, of service 
parameter values for S£ud modes: 
receiving requests to estat>lish communica- 
tions sessions such that each session has 
quality of service requirements; 
determining an acceptable session tariff for 
each of said sessions based upon comparing 
said quality of service requirements to said pre- 
estat>lish6d parameter values for said plurality 
of modes: 

selecting among said nrxxies on a session-by- 
session basis to determine^ which of saki 
modes provides a highest present-time quality 
of service at a session tariff which is at or below 
said acceptable session tariff, said highest 
present-time quality of service being based 
upon said determined present-time parameter 
values for said (durality of modes: and 
utilizing satd selected nrxxles on a session-by- 
session t)asls to Implement said sessions. 
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3. 



7. 



8. 



The method of dalm 1 further comprising a step of 
executing in-session swrtchlng from said selected 
mode to an alternative mode in response to detect- 
ing that said aitemative mode has a session tariff at 
or below said acceptable session tariff and a higher 
present-time quality of service than said selected 
mode. 

The method of claim 2 wherein said step of execut- 
ing in-session switching includes weighting said 
pre-established session tariff of said alternative 
mode in determining whether to switch to said alter- 
native mode, said weighting being indicative of a 
connection cost for utilizing said alternative mode. 

The method of claim 1 wherein said step of deter- 
mining an acceptable session tariff includes deter- 
mining which of said modes are acceptable with 
respect to satisfying said quality of service require- 
ments for a particular session and further includes 
identifying which one of said acceptable modes has 
a lowest pre-established session tariff, said lowest 
pre-established session tariff thereby being desig- 
nated the aoceptat}le session tariff. 

The method of daim 1 wherein said step of access- 
ing capability to exchange communication data 
includes providing access to various modes for 
implementing real-time nuiltimecfia sessions. 

The method of claim 5 wherein said step tiiat 
includes providing access to said various modes 
includes providing a selection of modes tfiat are 
distinguishable witti respect to protocol, witti one of 
said modes utilizing ttie Internet Protocol. 3s 

The method of daim 1 wherein said step of receiv- 
ing requests is a step of receiving requests to 
establish a telecommunications session having 
specified quality of service parameter values. 4o 

The method of daim 1 wherein said steps of moni- 
toring said nxxJes and selecting among said modes 
are executed during said sessions to enable In-ses- 
sion switching between nrxxies ttiat each satisfy 46 
said quality of service requirements of said particu- 
lar session. 
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9. The metfx)d of daim 8 further comprising a step of 
in-session switching from a particular nxxie when it 
is determined that said present-time parameter val- 
ues of said particular mode no longer satisfy said 
quality of service requirem«Tts of said particular 
session. 

10. The method of daim 8 further comprising a step of 
reserving communications resources of an unse- 
lected nxKle such that each session has reserved 
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communications resources for said In-sesslon 
avitching. said unseleded mode for said particular 
session being that mode which satisfies requested 
quality of service requirements of said particular 
session at said acceptable session tariff for said 
particular session. 

11. A method of managing transmissions between 
remote sites during a real-time multimedia session 
comprising steps of: 

receiving requested quality of service require- 
ments for said multimedia session; 
selecting anxjng a plurality of available com- 
munications modes for conducting said multi- 
media session, induding selecting among 
modes tiiat are distinguishaljie with respect to 
protocol, on9 of said protocols being an Inter- 
net Protoccf, selection of a first mode being at 
least partially based upon differences in quality 
of service parameters for said modes; 
continuously monitoring available present-time 
quality of service for each of said modes such 
that variations in quality of service for said 
modes are detected: and 
switching from said first mode to a seoorKi 
mode upon detection that said second mode 
has a present-time quality of service satisfying 
said requirements of said multimedia session 
and that utilizing said second mode is more 
cost-effident than said first mode utilized in 
corKluctIng said multimedia session. 

1 2. The method of claim 1 1 wherein said step of select- 
ing among said modes further indudes selecting 
from among modes distinguishable witfi respect to 
transmission media, induding analog lines and dig- 
ital lines. 

1 3- The method of claim 1 1 further comprising a st^ of 
continuously reserving resources of one of said 
modes having pre-established quality of sendee 
parameters satisfying said requirements of said 
multimedia session, such tfiat said reserved 
resources remain available to said multimedia ses- 
sion. 

14. The method of claim 1 1 further comprising a step of 
Sftritching from said second mode upon detection 
that either said second mode no longer satisfies 
said requirements or that a ttiird mode satisfies said 
requirements and is more cost-efficient than said 
second nrnle. 

15. The method of claim 1 1 wherein said step of select- 
ing among said modes indudes selecting said first 
mode based upon present-time qualities of service 
and upon session tariffs of said modes. 
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16. A method of managing comnnunlcations routing 
comprising steps of: 

accessing capabiifty to exchange conrvnunica- 
tion data between renrtotely located sites using s 
any of a plurality of distinct conrvnunications 
modes having pre-estaUished session tariffs; 
monitoring said modes to det&'nrBne present- 
time quality of service parameter values for 
said modes; io 
receiving a request to estat)lish a communica- 
tions session suc^ that said request trtdicates a 
mininrum quality of service and a maximum 
session tariff; 

if one of said modes satisfies said Indicated is 
minimum quality of service within said maxi- 
mum session tariff, establishing connectivity for 
said session utilizing said one of said nxxies; 
and 

if none of said nfKxJes satisfies said indicated 20 
mininruim quality of service within said maxi- 
mum session tariff, then 

(a) queuing said request; 

(b) tracking said monitored present-time 25 
quality of service parameter values for said 
modes until a ^edf ic mode has a present- 
time quality of service that satisfies said 
indicated minimum quality of service within 
said maximum session tariff ; and so 

(c) selecting said specific mode for estab- 
lishing connectivity for said session. 

17. The method of daim 16 further comprising a step 

(d) of notifying a user of availability of said specific 35 
mode suk>sequent to said step (c) of selecting said 
specific nrKxle and prior to establishing connectivity. 

13. A system for managing recd-time communications 
sessions comprising: 4o 

a plurality of types of interfaces to provide con- 
nections for conducting a communications ses- 
sion, different interfaces being compatible wrUi 
different communications modes, each nrvxle 46 
having a pre-established session tariff and pre- 
established quality of service parameter val- 
ues; 

means for comparing quality of service require- 
ments of saki session with said pre-established so 
parameter values of said modes to select a 
sutsset of modes suitable for supporting said 
session; 

means, responsive to said comparing means, 
for designating a tfireshold session tariff for ss 
conducting said session. sakJ tiveshold ses- 
sion tariff being a lowest pre-established ses- 
sion tariff of said sutxset of modes; 



means connected to said Interfaces for contin- 
uously monitoring present-time quality of serv- 
ice available for each of said modes; arxl 
means for mitching modes during suppcMl of 
said session in response to said monitoring 
means detecting a mode having Increased 
present-time quality of service and a pre-estab- 
lished session tariff not exceeding saki thresh- 
old session tariff. 

19. The system of daim 18 wherein saki interfaces 
indude at least one analog interface and at least 
one digital interface. 

2a The system of daim 18 wherein sakJ interfaces 
support multimedia sessions and at least one Inter- 
face supports communications using Internet Pro- 
tocol. 
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